Introduction
Plant-parasitic nematodes are common in agricultural areas and some can become agents of damage when populations grow above economic threshold levels. Stunt nematodes are among the most investigated plantparasitic nematode groups. There are several classifications for different genera using various morphological characters and authors' views (Allen, 1955; Siddiqi, 1960 Siddiqi, , 1979 Siddiqi, , 2000 Ryss, 1993; Decraemer and Hunt, 2006) . Results based on sequences of the 28S rDNA also showed that genera such as Amplimerlinius, Merlinius, Geocenamus, Hexadorus (subsequently synonymized with Geocenamus), Nagelus, and Scutylenchus were included with Pratylenchoides in Merliniidae (Subbotin et al., 2006) . In other research performing phylogenetic analyses using small subunit rDNA sequences, Amplimerlinius icarus, Nagelus obscurus, Geocenamus quadrifer, G. brevidens, Pratylenchoides magnicauda, and P. ritteri were well separated from the two Telotylenchinae species of Tylenchorhynchus dubius and T. maximus (Bert et al., 2008; Holterman et al., 2009; Palomares-Rius et al., 2009; Van Megen et al., 2009 ). According to Sturhan (2012) , Merliniidae consists two subfamilies: Merliniinae (Geocenamus, Merlinius, Paramerlinius, Macrotylenchus, Amplimerlinius, and Nagelus) and Pratylenchoidinae (Pratylenchoides). Based on phylogenetic analysis Merliniidae and Telotylenchidae are not closely related to each other (Ghaderi et al., 2014) .
Molecular phylogenetic analyses are needed to evaluate taxonomic programs. Molecular sequences provide important information on genetic variation of nematode populations. The objectives of this study were to carry out a detailed morphological and morphometric characterization of Tylenchorhynchus zeae Sethi & Swarup, 1968 , which is a new record for the Iranian nematofauna, and to perform a molecular characterization of the new record and compare it with other known species such as Trophurus impar belonging to Telotylenchidae Siddiqi, 1960 and Merlinius brevidens, Amplimerlinius globigerus, Scutylenchus rugosus, S. tartuensis, Pratylenchoides alkani, and P. ritteri belonging to Merliniidae Siddiqi, 1971 using the D2D3 expansion fragments of the 28S rRNA gene. These nematode species were isolated from Berberis vulgaris, Crocus sativus, and Ziziphus zizyphus in Iran, which have not been studied before regarding their associated plant-parasitic nematodes.
Materials and methods

Soil samples
Soil samples were collected in 2012-2014 (360 samples) from a soil depth of 20-50 cm from fields of important crops including B. vulgaris, C. sativus, and Z. zizyphus in South Khorasan Province of Iran (Table 1) .
Nematode extraction
Nematodes were extracted from soil samples using the tray method (Whitehead and Hemming, 1965 ) and then they were handpicked under a Motic 1000 dissecting microscope.
Light microscopy
Specimens were heat-killed by adding boiling 4% formalin solution, and then they were transferred to anhydrous glycerin according to De Grisse (1969) . Measurements and drawings were performed using a drawing tube attached to an Olympus BH 2 light microscope. Photographs were taken using an Olympus DP 72 digital camera attached to an Olympus BX 51 microscope. Morphometric abbreviations and ratios used in the present study followed those of Siddiqi (2000) . Nematodes were identified based on morphological and morphometric characters using identification keys (Geraert, 2011) .
DNA extraction
For each nematodes species, a single specimen was selected, washed in a drop of clean water (a temporary slide was made for each individual), and then transferred to a small drop of AE buffer (10 mM Tris-Cl, 0.5 mM EDTA, pH 9.0) on a sterilized slide and squashed using a clean cover glass. The suspension (DNA sample) was recollected by adding 10 µL of AE buffer and stored at -20 °C until PCR amplification.
PCR procedure
Primers used for the amplification of the D2-D3 domains were D2a (5'-ACAAGTACCGTGAGGGAAAGT-3') and D3b (5'-TGCGAAGGAACCAGCTACTA-3') (Nunn, 1992) . The PCR mixture (25 µL) contained 14 µL of distilled water, 2.5 µL of 10X PCR buffer, 0.5 µL of dNTP mixture, 1.5 µL of 50 mM MgCl 2 , 1 µL of each primer (10 pmol/µL), 0.5 µL of Taq DNA polymerase (CinnaGen, Tehran, Iran, 5 U/µL), and 4 µL of DNA template. The thermal cycling program employed an initial denaturation at 95 °C for 6 min, followed by 35 cycles with a denaturation at 94 °C for 30 s, annealing at 47 °C for 30 s, and extension at 72 °C for 1 min. A final extension was performed at 72 °C for 10 min. PCR amplification success was evaluated on 1% agarose gel and subsequently the gels were stained using Green Viewer (SYBR).
Sequencing and phylogenetic analysis
PCR products were sequenced in both directions using an ABI 3730 XL sequencer (Bioneer Corporation, South Korea). The sequence chromatograms were checked using BioEdit software (Hall, 1999) . Forward and reverse sequences were assembled in DNA Baser. Produced sequences in this study can be consulted in the GenBank database (accession number for T. zeae: KM068058). Sixty-four sequences of the 28S rDNA gene were also retrieved from GenBank and aligned with 18 sequences produced in this study using Clustal X software (Larkin et al., 2007) with default parameters. Phylogenic trees were reconstructed using Bayesian inference (BI).
Bayesian analysis was performed in MrBayes 3.1.2 using the GTR+I+G nucleotide substitution model (Ronquist and Huelsenbeck, 2003) . Analysis was run for two million generations. The reconstructed tree was observed using Fig Tree 1 .3.1 software. Nucleotide distances were calculated in MEGA 5 (Tamura et al., 2011) using the K2P distance (Kimura, 1980) . For determination of identification percent, SDTv 1.2 software was used. In this survey, Rhabditis nidrosiensis (AM399067) was used as the outgroup.
Results
Here we discuss T. zeae, a new record for the Iranian nematofauna, as well as other known species based on morphological measurements and molecular data (Tables  2 and 3 ; Figure 1 ).
Tylenchorhynchus zeae Sethi and Swarup, 1968 (Figures 2 and 3)
Measurements: See Table 3 . Female: Body cylindrical, slightly curved ventrally when killed by heat. Body clearly annulated, annuli 1.3 µm wide at midbody. Lateral field with four incisures. Lip region continuous with body contour, head with four annuli. Stylet with rounded anteriorly flattened to laterally directed knobs. Dorsal gland opening 2.5-3 µm posterior to the stylet base. Median bulb large, isthmus surrounded by the nerve ring. Reproductive system didelphic, amphidelphic with both genital branches equally developed, anterior branch 133.5-220 µm long, posterior one 97-170 µm long, vulva slightly protuberant. Ovaries straight, spermatheca functional, rounded. Phasmid openings large, located laterally at the longitudinal middle of the tail. Tail subcylindrical including 12-16 annuli and tip without annuli.
Male: General morphology similar to that of female but slightly more slender. Testis single, anteriorly outstretched. Spicules paired, 20-22 µm long, gubernaculum distinct, rod-shaped with slightly curved anteriorly and about 7-8 µm long. Bursa extends anteriorly to the cloaca with 11 annuli and posteriorly envelops the tail tip.
Molecular information (D2-D3 segment of 28S rRNA) of Tylenchorhynchus zeae:
The partial sequence of the 28S rRNA (D2-D3 segment) for T. zeae yielded 698-bp nucleotides. The DNA sequence was submitted to GenBank with accession number KM068058. Bayesian analysis showed T. zeae from Iran to be related to other T. zeae sequences (KJ461563, KJ461564, and KJ461566). NBLAST search based on 28S sequences from the Iranian population of T. zeae (KM068058) attributed 99% similarities with other T. zeae sequences deposited in GenBank. A multiple alignment of 650 bp of the 28S gene for three Tylenchorhynchus species indicated that 648 sites were conserved and two were variable. In the phylogenetic tree reconstructed based on 28S sequences, T. zeae (KM068058) formed a monophyletic group with three additional T. zeae sequences with 100% bootstrap support (Figure 4) . The mean interspecific distance (using the K2P model) based on 28S sequences was 0.25.
Discussion
T. zeae was recovered from soil samples collected from the rhizosphere of Z. zizyphus, Fal, South Khorasan Province, southwestern Iran. The Iranian population of T. zeae (Table  3 ) matches the original description of Sethi and Swarup (1968) . T. zeae shows similarity with T. ewingi Hopper, 1959; T. mashhodi Siddiqi & Basir, 1959; and T. elegans Siddiqi, 1961 . It differs from T. ewingi by the absence of Our molecular results showed that T. zeae as well as all Tylenchorhynchus species within Telotylenchidae were relatively well supported in the Bayesian tree; however, they also demonstrated it to be not closely related to Merliniidae. The similarity percentages between sequences of Telotylenchidae, based on the K2P distance model, were in some cases very high, as high as 100% (Figures 4 and 5) . According to recent studies, Merliniidae and Telotylenchidae are not closely related to each other (Subbotin et al., 2006; Bert et al., 2008; Palomares-Rius et al., 2009; van Megen el al., 2009; Ghaderi et al., 2014) . Our results also showed that other genera such as Amplimerlinius, Merlinius, and Scutylenchus were placed with the genus Pratylenchoides in one clade. This supports some findings concerning the morphological affinities of Pratylenchoides species with Amplimerlinius (Baldwin et al., 1983; Ryss and Sturhan, 1994) and the transference of Pratylenchoides to the Merliniidae (Sturhan, 2012) . Our findings are also supported by others (Subbotin et al., 2006; Ghaderi et al., 2014) . Results from SDTv 1.2 software also showed that Merliniidae and Telotylenchidae are different and some genera, such as Amplimerlinius, Scutylenchus, Merlinius, and Nagelus, were placed with the genus Pratylenchoides by high similarity percentage (about 100%) ( Figure 5 ).
Psilenchus also grouped together with high support as a basal taxon of some Merliniidae. Surprisingly, this clade includes the only stunt nematode genera bearing deirids (except Scutylenchus, which lacks deirids) and phasmids. These are sense organs laterally located at the anterior (level of basal bulb) and posterior (tail) region of the body, respectively. Such morphological features are also found in Psilenchus and therefore it was suggested by Ryss (1993) that these features are a synapormophy as a basis to group these genera. According to Siddiqi (2000) , Psilenchus was placed in a separate family (Psilenchidae) and was not considered to be closely related to other Tylenchidae genera (Aglenchus, Coslenchus); rather, he placed it within the superfamily Dolichodoroidea, which includes all the stunt nematodes (e.g. Telotylenchinae and Merliniinae).
In the present study Scutylenchus formed a distinct clade within Merliniinae, thus supporting the view of Siddiqi (1979 Siddiqi ( , 2000 on Scutylenchus as a distinct genus.
Trophurus is characterized by its reduced posterior genital branch presented by a postuterine sac, which makes it unique among the Telotylenchinae. As noted by Loof (1956) , the V ratio is equal to about 50 in some monodelphic Tylenchidae, but in those cases the long filiform tail is responsible for this unusual situation. Trophurus has a short tail and yet the vulva is in the middle region of the body (Fortuner and Luc, 1987) . Bert et al. (2008) indicated that monodelphy is an ancestral character for tylenchid nematodes. The position of the Trophurus clade within the Telotylenchinae might indicate that monodelphy in Trophurus is the result of a secondary loss of the posterior genital branch during evolution.
In this study, Pratylenchoides species (P. alkani and P. ritteri) were included. Brzeski (1998) , Karegar (2006) , and Ghaderi et al. (2014) synonymized P. alkani with P. ritteri. In this study new Iranian isolates of P. alkani and P. ritteri indicated that these species are molecularly indistinguishable and P. alkani should be considered as a synonym of P. ritteri.
T. zeae of the family Telotylenchidae is probably widely distributed in South Khorasan (Fal, South Khorasan Province, Iran) . This is the first report of the occurrence of T. zeae in Iran, which was recovered from Z. zizyphus. Because of the importance and high frequency of stunt nematodes in South Khorasan Province, we studied some of them based on morphological and molecular characterization by emphasizing T. zeae as a new record. More studies based on other parts of ribosomal RNA genes will be useful in the future to determine the phylogenetic position of this important group of plant-parasitic nematodes.
